lasers at orthogonal azimuthal positions in the back focal plane of a high numerical aperture TIR objective lens. This configuration reduces interference fringing of the coherent laser light. Ratio imaging of the two excitation polarizations permits visualization of subresolution membrane curvature with subsecond temporal resolution. By monitoring membrane topology relative to the arrival of chromosomally-tagged GFP-dynamin in skin melanoma cells, we were able to define the kinetics of membrane curvature relative to vesicle scission. Blocking the catalytic GTPase cycle of dynamin with the drug, Dynasore permitted visualization of striking curved invaginations, consistent with expected ''frozen'' clathrin coated pits. Tracking of single dynamin recruitment events provided a region in which to quantify membrane topology. Surprisingly, regions of high curvature were often observed adjacent to clathrin pits. This observation is consistent with a model for actin-mediated membrane protrusions that could drive pit closure. The role for actin was assessed using CFP-LifeAct, and perturbed with the drug, Latrunculin. These studies provide insight into the sequential topological changes during clathrin-mediated endocytosis and move toward a comprehensive understanding of this mechanism.
The voltage-gated potassium channel Kv2.1 localizes to stable, micro-domains on the cell surface where it plays a non-conducting role. These surface structures are specialized platforms involved in trafficking of Kv channels to and from the cell surface in hippocampal neurons and transfected HEK cells [Deutsch et al., MBoC 15, pp 2917 -29 (2012 ]. Internalization of Kv2.1 occurs through clathrin-mediated endocytosis and clathrin-coated pits (CCP) localizes adjacent to these micro-domains. This study examines the relationship between Kv2.1 clusters and CCP maturation. TIRF-microscopy was used to study GFP-tagged-clathrin light chain CCPs in live HEK293 cells. HEK cells do not express endogenous Kv2.1, making them a suitable model system in which to investigate the role of Kv2.1 in clathrin-mediated endocytosis. We tracked individual CCPs and measured their lifetimes. This analysis is obtained from the appearance and disappearance of GFP fluorescence within the evanescent field illumination. We compare the dynamics of CCPs in control cells transfected with GFP-CLC and cells co-transfected with Kv2.1 or a Kv2.1 mutant lacking the last 318 amino acids of the C-terminus (DC-Kv2.1) necessary for cluster formation. In control cells, CCPs had a mean lifetime of 12.650.3 s (mean5sem). The lifetime of CCPs in cells co-expressing Kv2.1 and GFP-CLC was reduced by 50%. When GFP-CLC was co-transfected with the non-clustering DC-Kv2.1, the lifetime of CCPs increased by 17%. DC-Kv2.1 also decreased the rate of channel endocytosis by 12%. These data reveal that Kv2.1, specifically the C-terminal tail, has a direct effect on CCP lifetimes and thereby maturation. Cells expressing clustering Kv2.1 exhibit more rapidly maturing CCPs as seen by the rate of Kv2.1 internalization. Non-clustering Kv2.1 increases CCP lifetimes, and complete loss of Kv2.1 results in even longer lifetimes, i.e. slower maturation. These results indicate that Kv2.1 cluster formation remodels clathrin-mediated endocytosis.
3183-Pos Board B338
Measuring the Binding Energy between Cargo and Forming Clathrin Coated Pits Aubrey V. Weigel, Michael M. Tamkun, Diego Krapf. Colorado State University, Fort Collins, CO, USA. Clathrin mediated endocytosis is the major route of cargo internalization in mammalian cells. The assembly of clathrin coated pits (CCPs) is a multistep process that includes nucleation of a clathrin coat and growth by recruitment of clathrin molecules, adaptors and cargo. This process is terminated either nonproductively (the pit breaks up) or productively (a vesicle forms and is internalized). Even though the association of cargo to CCPs is crucial in the regulation of endocytosis, the study of this interaction in vivo remains challenging. Here we study the recruitment of cargo by characterizing the interactions of clathrin coated pits with Kv2.1, a potassium channel that is effectively internalized via clathrin mediated endocytosis. TIRF-based single-particle tracking reveals that Kv2.1 displays a confined subdiffusion type of motion on the cell surface and frequent stalls occur during individual trajectories. Multicolor imaging indicates that these stalls are caused by stable CCPs that capture Kv2.1 channels. By monitoring the residence time of Kv2.1 within a CCP, we are able to study the binding strength as a function of the age of a pit, e.g., the time since coat initiation. Due to the dynamic growth of CCPs, the interaction between the pit and cargo is not Poissonian. A kinetic model that takes into account the coat assembly via the recruitment of adaptor proteins leads to nonstationary and nonergodic Kv2.1 dynamics. This model accurately predicts the statistics of binding energies between pit and cargo.
3184-Pos Board B339
Probing the Interior of a Secretory Granule Annita Ngatchou-Weiss, Mary A. Bittner, Daniel Axelrod, Ronald W. Holz. University of Michigan, Ann Arbor, MI, USA. Although a great deal is known about events leading to the release of secretory granule contents into the extracellular space, little is known about the physical state of the granule lumenal contents prior to exocytosis. We have used TIRFM as our core technique and combined it with either Fluorescent Correlation Spectroscopy (FCS) or Fluorescence Recovery After Photobleaching (FRAP) to assess the mobility of either Neuropeptide Y (NPY) or tissue plasminogen activator (tPA) inside chromaffin granules (300 nm diameter). Overall granule motion was taken into account by viewing simultaneously in the same granule one subset of protein molecules labeled with cerulean and the other with mCherry. Theories for separating out the effects of granule motion for both FCS and FRAP measurements were derived. The rapidly decaying evanescent field (decay constant~110 nm) enables a small measurement volume in FCS. The fluorescence fluctuations of the fluorophore diffusing into and out of the measurement volume had a characteristic correlation time of several hundred milliseconds. The rapidly decaying evanescent field also allows a spatially restricted bleaching of the granule fluorophore in FRAP, thereby permitting recovery by diffusion from unbleached volume within the granule. FRAP and FCS results were consistent. These initial measurements suggest a diffusion coefficient of these proteins of the order of 10-10 cm 2 /s, at least two orders of magnitude slower than soluble proteins in cytosol. Our initial results, therefore, indicate highly restricted protein mobility within secretory granules. Research support from NIH Grant R21NS073686 to RWH and DA. Outside of striated muscle, endoplasmic reticulum/plasma membrane (ER/PM) junctions are best known for their role in store-operated Ca 2þ influx via the Stim/ Orai complex. Adding to their functional significance we demonstrate here that these microdomains also operate as trafficking hubs for membrane protein transport to and from the cell surface. We first monitored exocytosis in HEK cells using TIRF microscopy and the transferrin receptor fused to a pHsensitive GFP variant, superecliptic pHluorin (TfR-SEP). ER/PM junctions were defined by the fluorescent ER markers DsRed2-ER or ER-Tracker Green within the TIR illumination field which typically accounted for 10-20% of the cell footprint. Exocytic delivery of TfR-SEP was detected as the transient appearance and subsequent diffusion of bright puncta on the PM. Greater than 80% of the TfR-SEP delivery events occurred adjacent to ER/PM junctions indicating these microdomains are preferred sites for TfR exocytosis. The temperature-sensitive VSV-G protein mutant (YFP-VSV-G-ts045) was delivered to the cell surface at these microdomains following temperaturedependent release from the ER, demonstrating that ER/PM junctions are trafficking hubs for nascent membrane proteins. Automated tracking of Qdotlabeled GFP-Kv1.4-loopBAD channels indicated that this ion channel also trafficked both to and from the cell surface at ER/PM junctions. To highlight sites of endocytosis we expressed RFP clathrin light chain (RFP-CLC) which formed dynamic puncta. TfR-SEP formed similar puncta which co-localized with RFP-CLC when expressed together. Endocytosis of both types of puncta was observed frequently suggesting these puncta are endocytic sites. Almost 90% of both types of puncta were present within 0.3 mm of the ER perimeter. Together, these data indicate that both exo-and endocytosis preferentially occur adjacent to ER/PM junctions. This suggests that ER/PM junctions are trafficking hubs and are playing a role more central to basic cell biology than previously appreciated.
3185-Pos Board B340 Endoplasmic Reticulum/Plasma Membrane Junctions Function as

3186-Pos Board B341
Zinc Dependent Lysosomal Enlargement in TRPML1-Deficient Cells Involves MTF1 Transcription Factor and ZnT4 (Slca4) Transporter Ira Kukic. University of Pittsburgh, Pittsburgh, PA, USA. Zn 2þ is an essential transition metal in eukaryotic cells and regulates a range of processes including transcription, secretion, signaling and enzymatic activity. Intracellular Zn 2þ is tightly controlled by Zn 2þ chelating proteins and Zn 2þ transporters. within the cell, Zn 2þ accumulates in virtually all organelles, including lysosomes. The recent identification of Zn 2þ permeability of the lysosomal ion channel TRPML1, and the evidence of abnormal Zn 2þ levels in cells deficient in TRPML1, suggested a role for TRPML1 in Zn 2þ transport. An acute siRNA-driven TRPML1 knockdown leads to the buildup of large Wednesday, February 6, 2013 619a
